Most species of lactic acid bacteria decarboxylate L-malate to lactate and CO2 if an energy source such as glucose is present. A proton is taken up in the reaction, which prevents pH decreases in the growth medium caused by lactic acid production from glucose fermentation. MRS broth (pH 7.0) (Difco Laboratories) containing 10 mM glucose and various concentrations of L-malate (0, 25, 50, 75, and 100 mM) was used to cultivate Lactobacillus plantarum. After 72 h at 37°C, all malate was decarboxylated and all glucose was fermented, with resultant final pH values of 4. 5, 6.3, 6.9, 7.3, and 7.5, respectively. When D-malate (which cannot be decarboxylated) was substituted for L-malate, the final pH values were 4.5, 5.2, 5.6, 5.8, and 5.9. By varying the ratios of glucose to L-malate in the growth medium, it was possible to obtain pH values which were lower, the same, or higher than the initial pH values. In contrast, buffers such as phosphate only' retard decreases in pH. L-Malate, when' compared with K2P04 on an equal molar basis, provided greater resistance to decreases in pH. Higher specific growth rates were observed for L. plantarum and Leuconostoc mesenteroides when L-malate rather than K2P04 was incorporated into the growth medium.
The decarboxylation of L-malate to lactate and CO2 by malolactic enzyme (EC 1.1.1.38) is a catabolic activity found only with lactic acid bacteria. The malolactic reaction is novel in that energy is not generated, but the reaction appears to be beneficial to'cells because of an increased growth rate. The literature suggests (5) that the significance of the malolactic enzyme is that it compensates for the hydrogen ions produced during carbohydrate fermentation by reducing the acidity of the medium through the conversion of a dicarboxylic acid (malate) to a monocarboxylic acid (lactate), with a resultant rise in pH. Recently, Henick-Kling (T.' Henick-Kling, Ph.D. thesis, University of Adelaide, Adelaide, Australia, 1986) 'proposed a hypothesis which complements the above-described hypothesis by suggesting that the decarboxylation of malate gives an energetic advantage by increasing the internal pH of the cell. The alkalizing effect of malate decarboxylation was utilized in designing a differential medium (2) to distinguish between malate-decarboxylating and non-decarboxylating strains of lactic acid bacteria. It K2P04, L-malate, D-malate, and D-glucose we're added to the modified MRS medium at the indicated concentrations. The pH of the medium was adjusted to 7 before autoclaving. Relative comparisons of growth in various medium formulations were made by determining the specific growth rate constants (k), which have the dimension of reciprocal hours. The constant k was experimentally determined by plotting the log1o of optical density readings versus time. The slope of the linear portion of the growth curve is equal to' k/(2.303) (3). Glucose concentrations were determined by the colorimetric method of Sumner and Sisler (8) . Lactic and malic acids were measured by using high-performance liquid chromatography according to the procedures of McFeeters et al. (6) .
The effect of L-malate decarboxylation on the pH of the growth medium is shown in Fig. 1 Another mechanism by which some lactic acid bacteria can alkalize their surrounding environment is through the arginine deimidase pathway, which catalyzes the conversion of arginine to ornthine, carbon dioxide, and ammonia (1) . This pathway has been demonstrated for L. plantarum (4), with which it was observed that medium containing 15 mM arginine and 2.8 mM glucose with an initial pH reaction of 6.0 rose to pH 8.6 after growth. Whether this mechanism can be utilized as a pH control system for cultivating lactic acid bacteria is a question that may warrant investigation.
Various types of neutralizing agents and methods are used in the cultivation of lactic acid bacteria for the industrial production of starter culture concentrates, the propagation of bulk starter, and the production of lactic acid. Buffers commonly used in growth media include organic and inorganic phosphates, calcium carbonate, ammonium hydroxide, calcium hydroxide, sodium hydroxide, and the salts of organic acids such as acetate. These buffers are applied either as a part of an external pH control system, where the agent is fed into the growth medium on demand, or as part of an internal pH control system that relies on the solubilization of buffers in the growth medium in response to the culture producing acid in the growth medium ( 
